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I. INTRODUCTION

The Defense Nuclear Agency (DNA) sponsored the present work at the
Ballistic Research Laboratory (BRL) as a part of its collateral damage
program. The general objective of the collateral damage program is to
ultimately be able to furnish guidance to the field commander when there
is a need to fire a tactical nuclear weapon nearby to a friendly
town or city. The field commander should be able to complete his
mission within the prescribed acceptable level of damage to the friendly
area. The pressure-time loading on structures at specified yield-
distances is needed to generate the needed probable damage functions
for the field commander.

The particular concern addressed by this set of experiments 1 was
to determine the amount of shielding, if any, that a row of houses
in a town or city complex might afford the next row across the street
from it. Accordingly, a 1/8th scale model city complex2 was designed
and exposed to the 1978-79 height-of-burst (HOB) tests at the Defense
Research Establishment Suffield, Alberta, Canada (DRES). The model
complex was included as one of several experiments carried out during
this test series code-named Mighty Mach I and II. The two sets of
firings used nominal 490 kg (1000 lb.) pentolite charges to produce
the blast waves that were used to load the model complexes. Section II
describes the experiments.

II. TEST PROCEDURE

Details of the house model used, shielding configurations, and the

instrumentation are described in this section.

A. 1/8th Scale Model House

-A simplified 1/8th scale model of a "standard" two-story house was
designed, constructed, and instrumented with pressure transducers at
the various numbered locations shown on the model (Figure 1). The model
(and the models making up the complex) was constructed of heavy plywood
(2.54 cm) and mounted to a concrete pad with heavy steel angles (5.08 x
5.08 x 0.63 cm thick).

1 A complementary set of experiments was performed in the BRL 2.44 m
shock tube for an unshielded model house. G. Coulter, '"last Wave
Loading of a 1/15th Scale House", Memorandum Repo,.. ARBRL-MR-03031,

dated July 1980.
2 Earlier work with very small scale shock tube r'odels indicated some
protection was given by shielding. A.B. Willoughby, "Blast Shielding
in Complexes", Broadview Res Corp, AFSWC TR 57-29, August 1958.

13
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The house model was used in the test configurations in two designs.
The first design had no openings. This type model was intended to
simulate the case where doors are closed and windows are shuttered.
The second case had door and window openings added. This was intended
to simulate a case where all doors and windows would be immediately
blown to full open positions by the blast wave. Figures 1 - 4 show
details of the model.

The various shielding configurations for the model and the complexes

are described in the next part of the section.

B. Shielding Configurations

Three test sites were chosen, each one on a 57.91 m (190 ft.) radius
measured along the ground from a ground zero point (GZ) directly under
the suspended charge. The sites were chosen to expose the model houses
to a nominal 26 kPa (3.77 psi) peak blast overpressure at the ground
station locations.

Site A, Figure 5, was constructed so as to cause an in-line shielding
effect upon the house model. The shields were then removed to expose
the model alone. This particular model house was left on Site A as a
control model for all the remaining shots of the test. A twin house
model had been earlier constructed to be used in the shots upon the
complexes.

Site B was positioned so as to expose the complex there to a 00
angle of incidence to the blast wave. Figure 6 illustrates this site.
A small portion of a city suburb was modeled, including two rows of
back-to-back houses and a street. Two of the shielding houses were
physically joined to make a row house out of them.

Site C was identical to Site B except it was positioned so that
the blast wave angle of incidence with the front walls was 450. Figure
7 shows the test layout for Site C. The center bottom of the front wall
of the instrumented model was placed at the same radial distance from
GZ as the free-field ground station 190.0C. Figure 8 shows photographs
of model complexes as installed on the sites.

C. Instrumentation

Pressure transducers were located at the free-field ground station
and at the several locations on the model house. There were stations
located on the left half (as seen from GZ) of the two instrumented
models: the front wall, front roof, rear roof, rear wall, and left
side wall. On the open models, a station was added in both the attic
floors and the ground floors of the models.

14
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The schematic of Figure 9 shows the complete data acquisition
system. The pressure transducers used for all stations were of the
strain bridge type, Tyco-Bytrex Model HFG. Signal conditioners and
amplifiers allowed the voltage Lutput from the blast loaded transducers
to be recorded by the 40 k-H Sangamo 4784 FM tape recorder. The
records from the 32 track machine were dubbed on-site and reduced to
digital from analog in the laboratory data reduction facility. The
remainder of the system allowed report-ready data to be prepared from
the digital processing.

-i111. RESULTS

The blast loading measurements will be discussed according to the
model configurations tested. Table I lists the test series in order
o" shots fired.

A. Unshielded Model

Shot 3 was fired when the fully instrumented 1/8th model house was
located on Site A. For this shot no openings were in the model.
Transducer stations were ILcated on the front iall, front roof, rear
roof, rear wall, and on the left side wall. The free-field pressure
was also monitored on this and on each succeeding shot at the 19O.OA
or 19U.0B (190.C same as 190.0B) ground station.

Pressure-time histories from each of the instrumented surfaces are
sho-n as examples in Figure 10. The free-field blast wave (Station
190.OA) is exponentially decaying from a peak overpressure of about
28 kPa to zero pressure in a positive duration of about 30 ms.

Peak pressures on the front wall and roof are reflected values for
the blast wave (58-63 kPa) after interacting with the surfaces. They
are always characterized by steepened peaks. Station 190.2A shows a
secondary peak, near the initial peak, caused by an "extra" reflection
from the overhanging roof.

Station 190.8A on the rear roof shows a slightly rounding of the
wave's first portion. The maximum overpressure is at this time about
21 kPa, less than free-field. The rear wall station. 190.12A, shows
eoen more rounding of the blast wave profile.

Station 190.13A on the left side wall shows a profile something like
the free-field with a vortex prohahly catusing the sholrn decay at about
S ins.

lable II lists some pert inent -arai:eters for Siot 3 with the
unshielded model.
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S. .. ..... ...

B. In-Line Shielded Modell

For Shot 2, uninstrumented shielding models were placed 1 m in-
front and 1 m behind the instrumented model. Figiure 11 shows represen- -
tative pressure-time records from the shot. All stations recei\'edC
some reflections from the shields superimposed upon the pressure-time i_-
records. Station 190.2A indicates a breakup of the initial rise time,
caused by the front shield. The roof station, 190.6A, shows little
change because of shields being present.

Both the rear roof and rear wall stations have enhanced loading .
at about 8-t10 is caused lV the refitCl ions from rear shiel d. [he` I ft
side record was lost on this shot

l'able Il 11 lists tile shot parameters for the iu- line shielded model I
of Shot 2. '9

C,. Miodel C Iil (' l Closed Model A.

The ti,in of the model on Site A was itistal led on Site IB for Shot .1 "

where it isas pliced in tilhe ode l complex. [he conreCte pds Of' the
comiolex Cere h'ililt so that the front wailIl of the ijstr'nILtmu 1d Woelt0 A
and shielding houses faccd (; . The angl C of incideuce Ibetwecten tilt' i) 1 ;•
wave and complex was zero for this shot. The blast w•ivc was face-on l
to the front wall 1o: tilhe first row of,.hhic dis. Th ie -,C-ficld st:;t i'on,
1 9(1. 1R, was still on a radill from tZ that was equiaIl to thie di stace
to the instrIumlIeIItCd model ' fr-out wall frl'o .

Figurie 1 2 show•s records from the loadling of the blast Wa'(' ill 1hot
1. ihere is a not iceable change in iin it ia I pealk ove'I•i'essuii'e aIt Stat ion A
1 91).2 - down from the ui-l, i ci ded reflecteid \'a lnc Fini-,c ]ti of oV'r

0(0 kPal (Shot 3) to about .10 kPa for this shot. The root1 :;t;I ion ag0 in
. hoscd lit t I chan lge iI, t ile 1 iessure i' c i'C,0rd.

The most chianges. occurre.I oil thie cl'tI" roof, teat't i'l I , ;,Ind thie I cI'l-

ide w I I . A! 1 iHc Ii ttd mul t i p Ie 'Cft'l Ct ol s from' the Va rion01 sh1 I Lk
iiiakii,' up th`e Coio pltcx. lable IV Ii ts the par;ilinlet'l's f ro Shot .1.

1). Model ill , ('omjl t-x , Llosed Model

c: 1e I-t I- sni! i tilt' ct'e't'L'tS o " t 01r" 1: Coilnplcl A at Sit it .
A\rIival tiells chane orl' aIll oi tilt, ;;l ioils nillce the bhlast w vc now

has'; to tr'aivel to statioiis no I en.,.i']") c t i tiit ii theq s;ri:e p onit with i
VC " 1) CC' t 1 t 1 )1J' ti ' W:lI~ I V C' , : IS 1AI ', t I'LH. el" 0 (f " C 0M 1)1 c X.'

%'epe I to1)1C ITfIC t l1e1h a 4S w i I' V,; aI i wa .t ;1 :111 11L t ru o! IV Itii I cx
'\hilltiple rct'lct'el .rrils . iiaii ;lie pr'et'• l ;it :illI thit st;it lonls.5 SitI I

Iib/.I :;~ on tIlt' I vl ' "- idtd of tle ir,,s el I i S now on ail ;I i ' iigl, op . lot"
]lesL i 'C- I'-I Ince I'CLkI'd 110 1 1lit0l" looks'; 1i 1Ir to 0 t frc f - ,I I i', t hot
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Table V lists the 1-arameters from the data taken from the model in
the 450 complex.

K3. Model in 4S' Complex, O(en Model

"Ihe instrumented house models had a door and several windows cut
into the walls to prepare for Shots 6 and 7. The complex remained
on Site C for Shot 6 and then the complete complex was moved back to
Site B (0°) for the final shot of the test series. Figure 14 shows
representative pres ire-time traces for Shot 6. Records from stations - -

on the outside of tne model were only, slight" different from outside
records from the previous shot.

Stations 190.SAl and 190.SCI are similar in that the peak pressures F
at 7 ms are both lower than the outside free-field pressure. The
pressure profile at Station 190.5CI seems to have a somewhat longer

positive duration thon does the record from the unshielded station
at 190.SAI. The reflections coming from the rear model shields
appear to fill in through the attic windows. This gives an increased
pressure which adds to the undisturbed free-field input loading
p ress re at the att c openings.

Table VI lists parameters for Shot 6.

F. Model in 0' Complex,0 en Model

As in Shot 6, Shot 7 (Figure 15) shows similar outside effects as
with the closed model in the 00 complex. The two inside stations,
190.SCI and 190.7CI, exhibited similar pressure-time traces as did the
450 complex interior stations. These and the effects at other stations
are summarized in Table VII.

IV. ANALYS I S

This section will compare pressure-cime traces as a function of
the orientation of the blast Wave to the model, or complex, to
determine the effectivencss of" the sliiclding configurations tested.

A. Blast Wave at Normal Incidence

Pressure-time records from the shots taken at normal incidence
to the blast Wave Will be compared to determine effecti veness of the
shielding when at 00 incidence. Figu'es 16 - 21 illustrate the type.s
of loading records measured at the various Walls and roof of the model
for each of lhe frce 1field blast saves.

4 5~
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The maximum peak loading was expected for the normal loading (0
incidence) at the front wall 3 . Equation 1 gives, for Shot 3, (the
model unshielded) a normal reflected value, P f overpreSSure

ref' ofoepesr
of 62.9 kPa for tile peak free field valt.c, P1 of 28 kl'a

""1f, + 4(1)

P + 2P

where P ref and P are defined above. P' is the ambient at mospheric

pressure on the test si e at shot tinile. Reference 4 shows -hat for
an angle of 40' (angle bCtweCe blast wave and front roof siurface,
the peak reflected pressure is very nearly equal to the norvril valuec
calculated from Equation I. Figure 17 shows that tile peak initial
measured pressure (about the same as calculated) at the front wa]l I
for the unshielded model is degraded as the in-line shieldi; and the
complexes; are exposed to the hlast. Values of ab1ou1 03 kPa (Tiable V I I 1
are degraded to sometlhin n below 20 kPa. The similar peak loadiii u
folnid on the frout rootf when the model Was imnse i ci d1 loes not de.'r:c rid
as much. The value goes from about 61 .3 kPa to a valtue loctween IA
and 5U kPa instead of less than 20J KPs..

The rear roof loading (Figure 19) shows a rounding of the pressure-
time trace to values bolow the free-field value. Fall iine slopes'
of terrain cause similar effects to those measured on tile rear roof.-
The values of the initial peak pressures measured on the rear wall
are also less than free-field values. A di fferencc il the orecssui'c-
time records is that large reflected spikes do occur. For example,
see Figure 20, Stations 190.10A and 190.12A. Table IX lists t0hese
and the other maximum values.

Figure 21 shows the comparison oiF the records mieasiured on thIe left
side wail as seen by the blast save F10he most mn1t0ct'ab IC fct- is I1
the variety of waveflorm chanoes . The 11 1 i - Cne sh 1 L I J causeS 01oicL'
duecrease in pea k initial overprc Sure.
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Tables X and XI summarize the values of positive overpressure
impulses and arrival times for the test series. The general effect I
upon arrival time caused by shielding from the blast wave was to increase
the arrival time over that obtained for the unshielded model. The
average positive overpressure impulse was greatest on the front wall,
377 kPa-ms and 368 for the unshielded and the in-line shielded models.
The front roof value was about the same, 370 kPa, for both shots.
The average value decreased to 335 kPa for the front wall nf the
model when in the 0° complex. Within a few percent, the positive impulse
at the remaining stations was not affected by the in-line shielding or
the complex.

B. Blast Wave at Oblique Angle Incidence

Comparison of free-field records with records from representative
stations on the unshielded model, 0a complex, and from the 450 complex
will be made here. Figure 22 shows the free-field records from the
several shots. There is some variation in peak pressure from shot to
shot but they are quite similar except for the reflected waves from
the complexes as shown at about 15 ms on Shots S and 6.

Figures 23 - 31 show the changes in waveforms that occur as function
of model or orientation to the blast wave. Figures 23 and 24 illustrate
the decay in initial peak overpressure when the front wall is shielded
within the two complexes. The records from the open model were not
much different from those recorded on the closed model. The arrival
times increased both with the shielding and as the complex (for 450)
was changed, the stations were at greater distances as measured from
the fixed free-field station.

Figure 25 shows a comparison of the loading at a front roof station.
Here the waveshape change is not as great as for the front v~all. Some
decay in the initial peak overpressure does occur, but not as much as
the decay on the front wall. The increased arrival times follow similar
increases seen for the front wall.

Figure 26 shows pressure-time records from the rear roof. The
complexes do cause some lowering of the initial peak pressure from
approximately 20 k~la to about 15 kPa (for 450 complex). Reflections
frim shields at the rear part of the complex tend to increase the
load on the rear roof after the first few millisecond,, elapse after
the blast wave passes the stations.

Figures 27 and 28 show comparisons of rear wall positions. All
traces are rounded at the front with a series of waves merging to
form the general profile. Again reflections appear from the rear
parts of both coiiiplcxes. lhe open model shows the most rounding at
the initial shi, V front.
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Figure 29 shows the comparison among the records made from the left
side wall station. The unshielded record is very much like the free-
field records. The initial peak pressure does not change very much IA
for the 0° complex shot but does decay below the free-field value
when the complex is at 450. Additional short duration reflected
pressure spikes appear on the records. The arrival time for the blast
wave also increases as the shielding and orientation both delay the
arrival at the left end wall station.

Figures 30 and 31 show records taken inside the open models at the
attic and ground floor stations. Both of the volumes fill proportionally
to the volume to area ratio 6 (V/A). The attic has a larger ratio,
12.94 m, than does the main room, 2.619 m. Accordingly, the attic
fills much slower than the ground floor room. A maximum in pressure .
is reached somewhere between S -- 10 ms for the ground floor room.
For the attic station, the maximum pressure at this time is less than.-
15 kPa as compared to 25 kPa for the ground floor.

V. SUN•IARY AND CONCLUSIONS

As a part of a collateral damage program sponsored by DNA at the
BRL, a ,/8th scale model house complex was exposed on the Mighty Mach
I and II series at the Canadian DRES test site. The models were
instrumented with pressure transducers on the external walls, roof,
and at points inside the models, where open models were exposed to the
blast. Generally all instrumentation performed adequately to record
the blast loading.

Three test configurations were exposed to the blast (25 kPa)
from the high explosive charges: (1) in-line shields, (2) 0° complex,
and (3) 450 complex. [he last two configurations were repeated with
open windows and a door in each of the two instrumented models. The
pressure-time records obtained were compared to the results for the
single unshielded model. Tables of pertinent parameters wereŽ given
for measuremen's for each of the configurations tested. Pressure-
time loading 1,1stories are given in the Appendixes to this report.

An anal sis of the pressure-time records led to the following
general con-lusions:

(1) The front wtill model loading was less when shieldei in tlhe
complexes than when the model was unshielded.

I.% -q -
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(2) The rear wall of the model was loaded additionally with Ii
reflections from the back row of shields when in either
of the complexes.

(3) The roof of the model did not experience very different
loading from one configuration to the next.

(4) The left side wall loading changed with the configuration
tested. It went from something resembling free field loading I
for the unshielded model to something that was very similar
to the rear wall loading when the model was shieldcd in the
450 complex.

(5) Whether the model had openings or not, caused only minor
adjustments to the exterior loading.

It is recommended that existing structural codes utilizing blast loading
data, such as this report lists, be modified to account for the observed
shielding effects. Town or city structures within such a complex as
tested would tend to become less susceptible to possible collateral
damage when exposed to blast from a tactical nuclear weapon.
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6. if you Would like to be contacted by the personiel wno prepared
this report to raise specific questions or discuss the topic,
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